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Abstract 
In order to solve the soot emission problems from diesel engines, a series of La2Sn1.8M0.2O7 (M= Sn, Mn, Fe, Co, Cu) 
oxides with pyrochlore structure were synthesized by co-precipitation, and investigated for soot oxidation with a 
O2/NO mixture by Temperature-programmed Oxidation. The incorporation of transition metals strongly influences 
the crystallite size, surface area and redox properties of the catalysts. All the pyrochlore oxides display catalytic soot 
oxidation activity with nearly 100% selectivity towards CO2. The doped pyrochlores exhibit higher activities than the 
undoped, which may be related to the enhancement of reducibility. Among them, La2Sn1.8Mn0.2O7 possessed the best 
activity with Ti = 341 ºC. The pyrochlore oxides seem to be a novel active alternative for catalytic soot oxidation. 
Keywords: Soot oxidation; Lanthanum stannate oxides; Pyrochlore; Transition metal doping 
1.  Introduction 
Soot particulates from diesel engine have caused serious problems to global environment. Filtration 
and controllable regeneration within the exhaust stream are among the most promising methods for soot 
removal, while the key technology is oxidation catalysis. During the last few decades, various materials 
have been studied as oxidation catalysts, with mixed metal oxides[1], noble metals[2] and perovskites[3] 
being the outnumbering materials. However, a cheap and efficient substitute is therefore still desired. 
In recent years, pyrocholore-type oxides (general formular of A2B2O7) have drawn much attention for a 
wide variety of applications such as ionic/electronic conductors, hosts for fluorescence centers, high-
temperature pigments, and catalysts[4]. The cations at the A site and the B site in the lattice can be 
replaced by the cations with different chemical valence or different oxidation-reduction property to 
synthesize the various kinds of pyrochlore compounds with different physical or chemical properties. 
They have been applied in various reactions such as oxidative coupling of methane[5], NO 
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decomposition[6], NO reduction[7] and CO oxidation[8]. Rare earth stannate-based pyrochlores doped 
with transition metals exhibit excellent redox properties, which promote us to investigate their catalytic 
performance in diesel soot oxidation. In the present study, we report the catalytic activities of transition 
metal doped lanthanum stannate oxides with pyrochlore structure for soot oxidation.  
2. Experiment
2.1. Catalyst preparation  
La2Sn1.8M0.2O7 (M= Sn, Mn, Fe, Co, Cu) pyrochlore oxides were prepared with a constant pH 
coprecipitation of a mixed salt solution (100 ml) and an aqueous ammonia solution (100 ml). The two 
solutions were mixed under vigorous stirring at room temperature and the pH was maintained constant at 
9.50.5. After stirring for 2 h, the precipitate was aged in the mother liquor at 80 ºC for 14 h. It was then 
filtered and washed until the pH of the filtrate was around 7. The cake was dried at 200 ºC for 18 h and 
then calcined at 900 ºC for 5 h. The catalysts were designated as M-LS, while LS represented  La2Sn2O7.
2.2.  Catalyst characterization 
XRD was conducted with a BRUKER-AXS D8Adance X-Ray Diffractometer using Cu K radiation. 
N2 adsorption-desorption isotherms were measured on a Quanta Chrome NOVA1000 Sorptomatic 
apparatus. Temperature-programmed reduction (TPR) analysis was carried out using a gas mixture of H2-
N2 (5 % vol) and the gas flow (30 ml/min), sample weight (50 mg), and heating schedule (10 ºC/min).  
Infrared spectra were recorded on a Bruker Tensor 27 spectrometer. 
2.3. Catalytic activity testing 
A commercially available carbon black (Shanxi Luan Carbon Black Science & Technology Co. Ltd, 
China) was used as model soot. The catalytic activity tests for soot combustion were carried out by a TPO 
technique in a fixed-bed flow reactor. Catalyst and soot (20:1 w/w) were well mixed and sieved to 20-40 
mesh. The soot-catalyst mixture (0.33 g) was placed in an 8 mm U-shaped quartz reactor, and then 
pretreated in a helium flow at 300 ºC for 1 h. After cooling down the mixture to 100 ºC and replacing the 
helium flow with the reaction gas flow (0.25 vol.% NO + 5 vol.% O2/He, flow rate 20 cm
3/min), the TPO 
was started at a heating rate of 1.6 ºC/min. The outlet gas was analyzed with intervals of about 15 min 
using gas chromatograph (Shimazu GC-14B) with columns of molecular sieve 5A for CO2 and N2O and 
Porapak Q for separating N2, O2, NO and CO.  
From TPO results, two parameters were derived to evaluate the catalytic performance: one is the 
ignition temperature of the soot (Ti) estimated by extrapolating the steeply ascending portion of the CO2
formation curve to zero concentration, and another is the peak temperature (Tp). The apparent activation 
energies (Ea) for the formation of CO2 were obtained using linear fitting of Arrhenius plots[10]. 
3. Results and discussion 
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Fig. 1. XRD patterns of the pyrochlores (phases: #-pyrochlore): (a) extended 2 range; (b) zoomed 2 range (28-30)
3.1.  XRD and BET analysis  
The XRD patterns of La2Sn1.8M0.2O7 (M=Sn, Mn, Fe, Co, Cu) are given in Fig. 1: (a) extended 2
range; (b) zoomed 2 range (28-30). It can be seen from Fig. 1 (a) that all the compounds show the 
typical diffraction patterns of La2Sn2O7 with cubic pyrochlore structure conforming to the Fd-3m space 
group (JCPDS 13-0082). These characteristic diffractions suggest that the transition metals such as Mn, 
Fe, Co and Cu are well distributed in the pyrochlore structure and a small quantity of the doped ions in 
the pyrochlore do not change the crystal purity. As shown in Fig. 1 (b), slight changes of the characteristic 
2 angles for transition metal doped samples were resulted from the structure defects induced by doping. 
In addition, the crystallite size of the solids, listed in Table 1, was calculated from the strongest (222) 
peak using Debye-Scherrer equation. The obtained oxides have a pyrochlore crystalline size of 30-45 nm.
The incorporation of transition metals increases the crystallite size. 
It is well known that the incorporation of functional dopants to A or B often results in lower surface 
area. The BET specific surface areas (SBET) of the samples are summarized in Table 1. Compared with the 
undoped LS sample (12.6 m2·g-1), the introduction of transition metals decreases the surface area.  
Table 1 Structural information of the pyrochlore catalysts 
Sample Formulae Crystallite size (nm) SBET  (m
2·g-1) (Sn-O)  (cm-1)
LS La2Sn2O7 29.6 12.6 600.5 
Mn- LS La2Sn1.8Mn0.2O7 33.8 9.8 607.9 
Fe- LS La2Sn1.8Fe0.2O7 32.3 9.7 597.1 
Co- LS La2Sn1.8Co0.2O7 32.2 9.8 595.8 
Cu- LS La2Sn1.8Cu0.2O7 43.4 4.3 586.4 
3.2. TPR results  
Fig. 3 gives TPR profiles for the oxides. LS sample displays a low temperature peak between 450 ºC 
and 650 ºC and a high temperature peak above 650 ºC, which belongs to the reduction of Sn4+ to Sn2+ and
Sn2+to Sn0, respectively. Small amounts of Sn replaced by transition metals influence the reduction 
behavior, especially on the low temperature range, which is due to the interactions between Sn and 
transition metals. The low temperature peak shifts to the lower temperature range after incorporation, that 
is, the doped samples are easier to be reduced [9]. The improved oxygen mobility may derive from the 
structure defects induced by doping, which can be helpful in oxidation reactions. 
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Fig.2. TPR patterns of M-LS catalysts; Fig.3. Infrared spectra of M-LS samples 
3.3. FTIR characterization  
The metal ions in pyrochlores are situated in two different sub-lattices designated tetrahedral (A site) 
and octahedral (B site)[6]. The band at about 600 cm-1 is from the B–O stretching vibrations in the BO6
octahedron and the one around 400 cm-1 to the A–O stretching vibrations. Fig. 5 presents the FTIR 
spectra of the catalysts. The (Sn–O) based on IR spectra of the catalysts is shown in Table 1. It can be 
seen that (Sn–O) shifts to low frequency with the Fe, Co or Cu doped in the La2Sn2O7 pyrochlore, 
indicating that the Sn–O bond strength weakens. With the introduction of Mn, the (Sn–O) shifts to high 
frequency. The changes in Sn–O bond strength may influence oxygen mobility of the catalysts because 
the Sn–O bond is responsible for the release of lattice oxygens when enough energy is provided. This can 
also be related to the TPR results where the reducibility of the samples was enhanced by doping.
3.4. Catalytic performance of soot oxidation  
Catalytic activities in terms of Ti, Tp, Tp-Ti and Ea are listed in Table 2. No CO was detected and the 
carbon mass balance was nearly 100  5%, which suggested that the pyrochlore have an excellent 
selectivity to CO2 formation. A blank experiment was performed mixing the soot with SiO2, and Ti was 
520 ºC. Compared with the non-catalyzed soot combustion, the CO2 formation curves over the pyrochlore 
shift to lower temperature range and the catalyzed soot oxidation starts at about 340~390 ºC. The doped 
pyrochlore catalysts exhibit higher soot oxidation activities than the undoped oxide, which may be related 
to the enhancement of reducibility[10]. The Mn-LS sample shows the best activity with Ti = 341 ºC and 
Tp = 459 ºC. The value of Tp-Ti, which represents combustion reaction velocity, decreases from 154 ºC 
for the blank sample to about 100~140 ºC for the catalyzed soot oxidation, indicating that catalyzed 
oxidation can speed up the soot combustion rate. In addition, the Ea for catalyzed soot oxidation were also 
decreased from 150.4 to about 70 kJ·mol-1, thus the soot can be oxidized to CO2 at lower temperatures. 
Table 2 Catalytic activity of soot oxidation over pyrochlore catalysts 
Catalyst Ti (ºC) Tp (ºC) Tp-Ti (ºC) Ea (kJ·mol
-1)
Blank 520 674 154 158.4
LS 390 530 140 63.3
Mn- LS 341 459 118 70.7
Fe- LS 364 492 128 74.8
Co- LS 351 470 119 69.9
Cu- LS 355 462 107 69.5
As can be seen from Table 1 and Table 2, the catalytic performance is almost independent on the 
surface area because the catalyzed soot oxidation supposedly takes place at the so-called ‘‘triple contact 
point’’ where the solid catalyst, the solid soot and the gaseous reactants (O2/NO) meet together. The 
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incorporation of transition metal ions in the pyrochlore structure leads to the formation of oxygen 
vacancies and makes local structure changed where the coordinative unsaturation of specific Sn ions 
increased. Oxygen vacancies, which are produced with replacement of Sn4+ by a lower valence transition 
metal to maintain electrostatic charge neutrality, will be in favor of better oxygen mobility and thus 
improve the soot oxidation activity. 
4. Conclusions 
Transition metals doped lanthanum stannate oxides La2Sn1.8M0.2O7 (M=Sn, Mn, Fe, Co, Cu) prepared 
by coprecipitation and thermal evolution exhibited pyrochlore phase. The incorporation of transition 
metals favors the formation of oxide ion vacancies, thus improved the reducibility of the catalysts 
resulting in the enhanced catalytic activity for soot oxidation. All the catalysts have nearly 100% 
selectivity towards CO2. Among them, The La2Sn1.8Mn0.2O7 sample possessed the best activity with Ti = 
341 ºC. The pyrochlore oxides seem to be a novel active alternative for catalytic soot oxidation. 
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